Background Health literacy is a marker for how patients obtain, comprehend, communicate, and apply complex health information.
likely to report difficulties in understanding medical information and instructions provided by physicians [7, 8] . As such, low health literacy can be a significant barrier to positive health, through its associations with poor health behaviors and lower healthcare service utilization. For example, Miller and colleagues [9] reported that participants with limited literacy were 44 % less likely to have knowledge about colorectal cancer screening.
Similarly, a study in Hawaii noted that low health literacy was significantly associated with various health outcomes, including diabetes, depression, and lower self-reported poor health [10] . Utilizing the 2003 NAAL data, Bennett et al. [11] evaluated the role of health literacy in both self-rated health status and preventive health behaviors among older adults. The researchers noted that health literacy was a significant mediator of self-rated health status disparities observed among various racial/ethnic and educational categories. Finally, syntheses of the empirical evidence also support the importance of health literacy to appropriate health behaviors, with Thai and George [12] reporting that low health literacy is significantly associated with poor asthma management, including higher rates of emergency department visits and hospitalization, and Zhang and colleagues [13] reporting a small but significant association between health literacy and medication adherence across a variety of domains. Cumulatively, the current literature demonstrates that limited health literacy is a significant factor associated with poorer health outcomes.
Less research, however, identifies the key sectors of specific populations at risk of low health literacy. For example, the NAAL noted that among those scoring below basic health literacy, 50 % did not have a high school degree [1] , although the degree to which low educational attainment can predict health literacy has not been thoroughly evaluated in the literature. Similarly, Sudore et al. [14] noted that for older adults, being male, black, having low socioeconomic status (SES), and possessing negative health status indicators (diabetes, depression, and fair/poor self-rated health) were significantly associated with low health literacy. Results such as these indicate the potential importance of race/ethnicity, gender, and SES to health literacy, but additional data are needed to better capture such factors as they exist for different populations. Moreover, experts acknowledge that while health literacy is often considered an individual factor, external contextual factors, including those related to the healthcare system, can impact the level of health literacy [15] .
Understanding the key factors associated with poor health literacy, in particular cultural groups, is vital to ensure that public health efforts can effectively target those groups, yet such studies among Asian-American and Pacific Islanders (AAPI) are lacking, despite being one of the fastest growing populations in the nation [16, 17] . Thus, understanding the correlates of low health literacy in this group is imperative. In a previous study addressing correlates of health literacy among those with chronic heart failure, the authors noted significant associations between low health literacy and being elderly, lower education, males, African-American, among others [18] . Such results demonstrate the potential role of sociodemographic characteristics related to health literacy, though similar studies among AAPIs are lacking. As such, the purpose of this study was to identify the key factors associated with low health literacy for AAPIs utilizing a population-based survey. The unique strength of such surveys is the use of replicate weights that allows results to be generalizable to the population [19] ; this, in turn, provides the foundation for evidence-based decision-making.
Methods

Data Source
The present study utilized the public access 2007 adult portion of the California Health Interview Survey (CHIS). Data from additional years were excluded due to changes in the questionnaire. CHIS, considered to be the largest state health survey, is a biennial population-based survey utilizing a randomdigit-dial sample and conducted in several languages including English, Spanish, Cantonese, Mandarin, Korean, and Vietnamese [20] . A total of 51,048 noninstitutionalized adults with a California address and telephone number were included in the 2007 survey. CHIS researchers employed two distinct methods of addressing missing data: random selection from observed distribution of respondents and hot deck imputation without replacement. CHIS utilizes iterative raking in its complex survey design in turn allowing for improved variance estimates and results applicable to California residents. Additional details of CHIS and its methodology can be found elsewhere in the literature [21] . Adult AAPI respondents were included in the present study resulting in a total of 4045 participants (n), representing a population estimate (N) of 3,156, 711 adults.
Measures
CHIS 2007 asked the following questions, which have been previously used in the literature as proxy measures of health literacy [22] : BWhen you get written information at a doctor's office, would you say that it is very easy, somewhat easy, somewhat difficult, or very difficult to understand?^and BWhen you read the instructions on a prescription bottle, would you say that it is very easy, somewhat easy, somewhat difficult, or very difficult to understand?^In this study, low health literacy was defined as answering Bsomewhat difficultô r Bvery difficult^to either of these questions. Additionally, we included participants who said Byes^to the question BThe last time you saw a doctor, did you have a hard time understanding the doctor?^to account for verbal, as well as written, aspects of health literacy. As a result, a total of 1063 participants (representing 751,812 California residents) with low health literacy were identified. CHIS 2007 further asked respondents who reported speaking language(s) at home other than English the following questions related to English proficiency: BSince you speak a language other than English at home, we are interested in your own opinion of how well you speak English. Would you say you speak English (well, very well, not well, not at all).L imited English language proficiency (LEP) was included as a potential predictor of low health literacy and in this study was defined as those reporting Bnot well^or Bnot at all,ĉ onsistent with previous research [22] . Other predictor variables included CHIS-provided variable of age and additional recoded variables including the following: gender (female versus male), education (not a college graduate versus college graduate based on natural breakpoint in the population), poverty (below 200 % federal poverty level [FPL] versus at or above 200 % FPL), insurance status (not insured all past 12 months versus insured all past 12 months), geographic location (rural versus urban), and country of birth (foreign born versus US born). In addition, AAPI ethnicity was categorized as Chinese, Filipino, South Asian, Japanese, Korean, Vietnamese, and other (including Cambodian, Pacific Islander, other single Asian race, multiple Asian race).
Statistical Analysis
Descriptive analyses were conducted to assess the distributions of sociodemographic and other characteristics within the study sample followed by both univariate and multivariable analyses. Differences in least square means using survey-weighted linear regression using the t statistic, for continuous variable of age, and Rao-Scott Chi-square analyses using design-based F values, were utilized for all univariate analyses. Survey-weighted multivariable logistic regression was further utilized to assess the key determinants of low health literacy. All predictor variables were included in the multivariable analyses. All assumptions of regression analyses were assessed, and due to the survey's multistage sampling design, a jackknife approach was used to compute standard errors [23] . SAS 9.4 (SAS Institute, Inc., Cary, NC) was utilized for all analyses, and statistical significance for all testing was set at p<.05. Table 1 provides the various sociodemographic characteristics of the study sample. The highest percent of the AAPI population in the study were Chinese (28 %), followed by Filipino (26 %). A majority (>50 %) of study population were females, were living at or above the 200 % FPL, were college graduates, had been insured for all of the past 12 months, lived in urban areas, reported being English proficient, and were foreign born. The mean age of the sample in the study was approximately 44 years. Twenty-four percent of the study population reported low health literacy.
Results
Respondent Characteristics
Univariate Analysis
Results from the univariate analysis, shown in Table 2 , demonstrate significant differences in health literacy across all Table 2 were included for full regression model. The results of this study demonstrated the importance of education in health literacy, which has further been noted in the literature. For example, a study among Chinese adults [24] noted that increasing level of education was significantly associated with higher health literacy scores in their population. In a study among populations in Tennessee and Pennsylvania, researchers noted that various sociodemographic characteristics, including low education, were significantly associated with low health literacy [14] . Studies further suggest that a complex interplay exists between educational status and health, with increasing education linked to the learning of health-specific information, skill building, and other factors with direct and indirect effects on socioeconomic status [25] . This bodes well for the AAPI subgroups with high prevalence of college degree, such as Indians [26] . However, these trends may not reflect all AAPI subgroups, and improvements in health literacy could be attained through scopes of educational attainment, such as accessibility to health information.
Multivariable Analysis
In addition, other researchers indicate that certain sectors of AAPI population, such as second generation, may place less emphasis on education than their immigrant counterparts. For example, a study among Chinese immigration and Chinese second-generation students noted that while the former valued rigorous school work, the latter showed lower interest in school work and academic success [27] . Given the significant association noted with education and health literacy and aforementioned evidence in low educational attainment among the population, public health efforts to improve health literacy among such populations are necessary.
In today's utilization of electronic health records with the implementation of the Health Information Technology for Economic and Clinical Act [28] , English language proficiency remains a key. For example, a study [29] among federally qualified health centers in New York City noted that odds of receiving an access code for electronic records and repeatedly using such portals were higher among those who spoke English. As such, those with LEP remain significantly disadvantaged at utilizing such records and making informed health decisions.
Given that the results of this study further demonstrated the association between LEP and low health literacy, efforts targeted at making linguistically and culturally tailored health information readily available to AAPI should be integrated as national priority. The Plain Language initiative of the National Institutes of Health [30] , based on the President Obama's Plain Writing Act of 2010 [31] , could provide a foundation of best practice for the nation's health care organizations to implement in order to improve health literacy of populations. Moreover, it has been noted that AAPIs tend to prefer face-to-face communication with health care professionals rather than obtaining health information from written or online sources [32, 33] , suggesting that LEP may be an even greater barrier for such population individuals.
In addition, our study noted that foreign-born AAPIs are more likely to have low health literacy. Such results are consistent with previous studies among Hispanic population that noted less acculturation to be significantly associated with low health literacy [34] . Such results highlight the need for targeted interventions for new immigrants to ensure adequate understanding of the complex healthcare system in the nation and in turn appropriate health outcomes.
On the other hand, our study noted several factors to be associated with lower odds of having low health literacy. We noted that females are less likely to report low health literacy. Such results are partially consistent with previous literature, as while some researchers have noted a similar trend [18] , others reported no significant association with gender [34] . Further studies are warranted to address the complex interplay between gender and health literacy as gender-specific cultural factors [35] , and communication strategies [36] may impact health decision-making and/or patient-physician communication. In addition, the differences noted based on AAPI subgroup highlights the need for further research by AAPI subgroup and the unique cultural characteristics that may determine health literacy in such populations.
The results of this study should be interpreted in the context of some limitations. The use of secondary data analysis limits our ability to potentially assess other variables that may be associated with health literacy but were not collected in CHIS. Given that most of our study population resided in urban areas, the potential underestimation of rural residents may posit a limitation, and thus, further studies among such populations are needed. Due to limited sample size, we could not provide Asian ethnicity-specific analyses, including Pacific Islanders as a separate group. Finally, the cross-sectional nature of CHIS limits the drawing of causal conclusions; only associations and group differences can be established [37] .
Despite such limitations, this study provided one of the first assessments of determinants of health literacy among AAPIs, utilizing a population-based survey and provides the foundation for future research and practice. A study [38] noted that most health information resulting from search engines required high reading levels. Thus, in order to improve population health outcomes, health care organizations today would benefit from making critical health information available in a variety of languages central to their service areas. Similarly, cultural beliefs could significantly play a factor in health and associated behaviors [39] . As such, culturally competent health literacy materials made readily available to such populations could vastly improve healthcare service utilization, adherence, and management.
Additionally, if an individual is unable to understand health information, then, the burden not only for translating but also for explaining may be passed to a third party, such as a younger family member [14] . As such, future studies should further assess the importance of third party's educational and health literacy status in patient health outcomes. Moreover, while the present study was unable to assess AAPI subgroup-specific analysis, future studies could enhance the current body of literature by conducting subgroup analysis to highlight the uniqueness of the diverse AAPI population and associated health literacy status. The current empirical evidence notes similar differences in health literacy [10] across AAPI subgroups and for other health-related outcomes, such as to binge drinking, physical activity, and diet [40, 41] . Finally, given that low English language proficiency and country of birth were noted as significant predictors of low health literacy in this study, future studies could expand upon other immigration-related variables and even incorporation of acculturation as potential factors associated with health literacy among the AAPI population.
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